ABSTRACT: Crossbred Angus steers (n = 30) were used to determine whether the conjugated linoleic acid (CLA) content of beef fat could be increased by feeding varying levels of extruded full-fat soybeans as a source of polyunsaturated fatty acids for rumen biohydrogenation. Diets were as follows: 1) control, 2) 12.7% extruded full-fat soybeans (LESB), and 3) 25.6% extruded full-fat soybeans (HESB). Steers were individually housed and fed the diets for 111 d during the finishing period. Over the experimental period, treatment groups were similar in ADG (1.7 ± 0.1 kg/d) and had a similar slaughter weight (603 ± 11.6 kg). Dressing percentage averaged 61.6% and carcass composition averaged 14.3% protein, 30.9% lipid, and 54.8% water. At slaughter, the intramuscular, intermuscular, and subcutaneous fat depots were sampled from the rib longissimus, eye of round, and chuck tender
Introduction
Diet has been recognized as a contributing factor to the development and prevention of some disease conditions (NRC, 1988) . Conjugated linoleic acids (CLA) are components of ruminant fat that are of interest in redesigning foods because biomedical studies with animal models have demonstrated a number of beneficial health effects (Whigham et al., 2000) . The 
1135
muscles. Across all fat depots, the CLA content differed (P < 0.05), averaging 6.6, 6.7, and 7.7 mg/g of fatty acids for the control, LESB, and HESB diets, respectively. There were significant differences in CLA content between fat depots within a cut, but differences were relatively small and the hierarchy in fat depots was not consistent among cuts. The cis-9, trans-11 isomer was the predominant CLA isomer and its content in fat was related to trans-11 C18:1 content (r = 0.53; P < 0.001). There was substantial individual variation in CLA content and this varied from 2.6 to 17.0 mg/g fatty acids across all treatments and fat depots. Overall, results demonstrated that including extruded full-fat soybeans in the diet of finishing steers increased the CLA content of beef fat. Differences were relatively small and the relationship of this to rumen fermentation and endogenous synthesis of CLA is considered.
predominant CLA isomer in milk originates from endogenous synthesis from trans-11 C18:1 via the enzyme ⌬ 9 -desaturase, and to a lesser extent from CLA produced in the rumen (Bauman et al., 2000b; . Diet can have a marked effect on the CLA in milk fat, but relatively few studies have extended these investigations to growing ruminants . Enhanced body fat levels of CLA were observed in cattle grazing pasture (French et al., 2000) or fed dietary supplements of linseed oil or fish oil (Enser et al., 1999) , but feeding cattle high-oil corn (McGuire et al., 1998) or a soybean oil supplement (Beaulieu et al., 2000) had no effect.
Plant oils are generally not used as dietary supplements because large amounts of polyunsaturated fatty acids are toxic to many rumen bacteria and this causes a reduction in fermentation rates and microbial protein yields. An alternative approach is to feed full-fat processed seeds, which allows the oil to become more gradually available in the rumen without adverse effects on microbial growth . This approach markedly increases milk fat con- tent of CLA in dairy cows (Lawless et al., 1998; Dhiman et al., 1999; Chouinard et al., 2001 ), but similar feeding strategies have not been evaluated with growing ruminants. Our objective was to examine the effects of diets containing extruded full-fat soybeans on the CLA concentration in the body fat of market steers. Diets were fed during the finishing period and intramuscular, intermuscular, and subcutaneous fat from three muscle locations were examined.
Materials and Methods

Animals and Experimental Design
All procedures involving animals were approved by the Cornell University Institutional Animal Care and Use Committee. Thirty medium-to large-frame crossbred Angus steers were individually housed at the Cornell Teaching and Research Center Beef Unit. Steers were randomly divided into three treatment groups with ten steers per group. On the day preceding the treatments, all steers were implanted with 120 mg of trenbalone acetate and 24 mg estradiol (Revalor; Hoechst-Roussel Agri-Vet Co., Sommerville, NJ). Throughout the experiment, steers were fed for ad libitum consumption and daily feed intake was recorded. Body weights were recorded at 28-d intervals.
Treatments consisted of three diets that were formulated to meet or exceed nutrient requirements using the Beef NRC model (NRC, 1996) . Table 1 contains the ingredient and chemical composition analysis of the three diets. The control diet was composed predominately of cracked corn and corn silage. The remaining two diets were designed to have low extruded full-fat soybeans (LESB) and high extruded full-fat soybeans (HESB), and were formulated to have similar energy density. In the final analysis of the weight of dietary ingredients, the content of extruded full-fat soybeans averaged 12.7 and 25.6% for the LESB and HESB diets, respectively ( Table 1 ). The inclusion of extruded full-fat soybeans in the diets increased the dietary lipid content (Table 1 ) and supplied additional fatty acids. The fatty acid composition (analysis described in subsequent section) of the extruded full-fat soybeans was 12.6% palmitic acid, 4.1% stearic acid, 26.0% oleic acid, 1.6% trans C18:1, 48.6% linoleic acid, and 7.1% other fatty acids.
Carcass Sampling
The goal was to continue steers on treatment diets until 75% of them reached a small degree of marbling, equivalent to the USDA Low-Choice Quality Grade. This was determined by visual evaluation of the degree of finish. Steers were slaughtered as one group at Taylor Packing, Inc. (Wyalusing, PA) after 111 d on treatment. Carcass data were collected and USDA Quality and Yield grades were determined (USDA, 1997). Slaughter variables measured included hot carcass weight; dressing percentage; percentage of fat in the kidney, pelvic, and heart depots (KPH); backfat thickness; and ribeye area at the 12th rib. Carcasses were chilled for 24 h and the right primal rib section (IMPS 107; USDA, 1996) was removed, vacuum packaged, and returned to Cornell. The 9th through 11th rib section was separated and used for carcass composition analysis using the Hankins and Howe (1946) procedures. Two boneless rib steaks, 2.54 cm thick, were cut from the 6th through 8th rib portions of the section beginning at the 8th rib end. They were vacuum packed and frozen for subsequent evaluation of sensory characteristics. The eye of round (IMPS 171C; USDA, 1996) and chuck tender (IMPS 116B; USDA, 1996) muscles were also obtained during carcass fabrication, vacuum packaged, and transported to Cornell for subsequent analyses.
Meat Quality
Longissimus muscle color, shear force (tenderness) measurements, and taste panel assessments were conducted to evaluate overall product quality. A single steak was cut from the 12th rib end of each primal rib, individually vacuum packaged, and stored at 0 to 4°C in a walk-in cooler. Muscle color was evaluated at 14 d after slaughter. Steaks were removed from the vacuum package, exposed to air for 60 min to allow bloom, and then L*, a*, and b* readings were made in three locations using a Hunterlab Labscan 6000 Spectrocolorimeter (Hunter Associates Laboratory, Inc., Reston, VA) (AMSA, 1991). These steaks were then cooked on an electric broiler (Farberware OpenHearth Broiler, Model 350A; Walter Kidde and Co., Bronx, NY) for 19 to 25 min until they reached an internal temperature of 70°C. Internal temperature was monitored using an OMEGA 450ATT thermometer with a type T thermocouple (OMEGA Engineering, Inc., Stamford, CT). Steaks were chilled overnight at 0 to 4°C before removal of eight cores (1.27-cm diameter) parallel to the longitudinal axis of the muscle fibers. Shearing was done on an Instron Universal Testing Machine (Model 55R1123; Canton, MA) with a Warner-Bratzler shear attachment (AMSA, 1995) . The Instron was operated with a crosshead speed of 250 mm/ min and a load cell of 500 kg. An average of the peak shear force (kilograms) of eight sheared cores was calculated for each steak.
Sensory panel data were obtained from the two companion steaks that had been individually vacuum packaged as previously described. They were held at 0 to 4°C until d 14 after slaughter and then stored at −20°C until analysis. For analysis, steaks were thawed overnight at 0 to 4°C and cooked on an electric broiler using the same procedures as described above. Samples were not cooled before evaluation. Taste panel evaluation involved the assessment of the steaks for juiciness, muscle fiber and overall tenderness, amount of connective tissue, and intensity of off-flavor. This was done by experienced panelists using the rating system recommended by AMSA (1995).
Carcass Composition
Soft tissues dissected from the 9th to 11th rib section were ground to a homogeneous consistency using a bowl chopper (model 818ID; Hobart, Troy, OH). An aliquot (∼ 400 g) was freeze-dried for determination of moisture content. The freeze-dried sample was then blended with dry ice in a Wiley Mill (Model #3; Arthur M. Thomas Co.) with a 2-mm screen to produce a fine powder. One subsample was analyzed in duplicate for nitrogen content using the Kjeldahl method and another subsample was analyzed in duplicate for total lipid content by solvent extraction using anhydrous ethyl ether extraction (AOAC, 2000) . The ash content was determined by difference by subtracting the percentages of protein, fat, and moisture from 100. Using equations derived by Hankins and Howe (1946) , these data allowed estimations of carcass moisture, protein, and lipid content.
Fatty Acid Analysis
Adipose tissue samples were obtained from the rib longissimus, eye of round, and chuck tender muscles. Subcutaneous, intermuscular, and intramuscular adipose tissue samples were obtained at the time of carcass fabrication from the longissimus and eye of round cuts, but the chuck tender muscle contained no subcutaneous adipose tissue. Lipid extraction was carried out according to procedures of Bligh and Dyer (1959) . The lipid extract was then dried under a stream of nitrogen and stored at −20°C until methylation. Fatty acid methyl esters were prepared by the transmethylation procedure described by Christie (1982) with modifications (Chouinard et al., 1999) .
Fatty acid methyl esters were quantified by a gas chromatograph (Hewlett Packard GC system 6890+; Wilmington, DE) equipped with a flame ionization detector and a SP-2560 fused silica capillary column (100 m ± 0.25 mm i.d. with 0.2-m film thickness; Supelco Inc., Bellefonte, PA). The initial oven temperature (160°C) was held for 28 min and then ramped at 5°C/ min to 220°C, where it was held for 10 min. Inlet and detector temperatures were maintained at 250°C and the split ratio was 100:1. Hydrogen carrier gas flow rate through the column was 1 mL/min. Hydrogen flow to the detector was 25 mL/min, air flow was 400 mL/min, and the nitrogen make-up gas flow was 45 mL/min. Peaks in the chromatograms were identified and quantified using pure methyl ester standards (GLC20; Matreya, Inc., Pleasant Gap, PA). A reference standard (CRM 164; Commission of the European Communities, Community Bureau of Reference, Brussels, Belgium) was used to determine recoveries and correction factors for individual fatty acids.
Statistical Analysis
Data were analyzed as a single factor ANOVA using Proc Mixed in SAS (SAS Inst. Inc., Cary, NC). When an overall treatment effect was significant (P < 0.05), differences between treatment means were determined using a t-test.
Results and Discussion
Performance, Carcass Characteristics, and Fatty Acid Profile
The average starting weight for steers was 417 ± 6 kg (mean ± SE), and across all treatments the ADG Quality grades were as follows: 3 = Standard; 4 = Select; 5 = Choice−; 6 = Choice 0; 7 = Choice+; 8 = Prime−.
Means within a row without a common superscript differ (P < 0.05). was 1.7 ± 0.1 kg (Table 2 ). There were significant differences in dry matter intake among treatment groups, but differences were minor, with steers on the HESB diet consuming less and those on the LESB diet consuming more than the control group (Table 2) .
Steers averaged 603 ± 11.6 kg (mean ± SE) at slaughter and there were no differences among treatments in hot carcass weight or dressing percentage (Table 2) , or in other carcass measurements made at slaughter (percentage of KPH fat, backfat thickness, and ribeye area; data not presented). Yield Grades and Quality Grades were also similar across treatments (Table 2) .
Steaks from the longissimus muscle were used to evaluate color, tenderness, and sensory characteristics (data not presented). In general, characteristics were normal and there were no differences among treatments for any of the variables, although taste panel results indicated that steaks from animals receiving the LESB treatment had slightly greater juiciness (8-point scale, where 1 = extremely dry and 8 = extremely juicy; control = 5.7 a , LESB = 6.1 b , and HESB = 5.7 a ; P < 0.02) and steaks from steers on the control and LESB treatments had marginally less off-flavor (4-point scale, where 1 = extreme off-flavor and 4 = no off-flavor; control = 3.7 a , LESB = 3.7 a , and HESB = 3.5 b ; P < 0.03). Tenderness, based on Warner-Bratzler shear force measurements, averaged less than 3 kg and tended to be improved for steers receiving the two diets containing extruded full-fat soybeans (P < 0.06).
Carcass composition estimates indicated no differences among treatments (Table 3) . Across all treatments, the averages for percentages of carcass protein, lipid, and water were 14.3, 30.9, and 54.8%, respectively. Values are typical for steers of this type and at this stage of growth (for example, see Nour and Thonney, 1994) . Carcass composition estimates were based on equations developed by Hankins and Howe (1946) relating the chemical composition of the 9th-to-11th rib section to total carcass composition. Others have compared predicted values from these equations with actual carcass composition values and have observed reasonably good agreement (Crouse and Dikeman, 1974; Schroeder, 1990; Nour and Thonney, 1994) .
Concerns about consumer intake of fat, particularly saturated fatty acids, have resulted in closer scrutiny of the fatty acid composition of ruminant products. The fatty acid profiles of subcutaneous carcass adipose tissue and intermuscular and intramuscular adipose tissue samples among the three treatment groups are shown in Table 4 . Overall, the profile was similar to that reported by others (Enser et al., 1998; French et al., 2000) . In the present study, differences between muscles from the three primal cut locations and adipose tissue depots within a cut were minor, so data were combined. Across all diets, the major fatty acids present in the fat were oleic acid (38.5%), palmitic acid (25.7%), and stearic acid (15.4%). Differences in fatty acid composition among diets were relatively small. However, steers that consumed the extruded soybean (ESB) diets had decreased palmitic and oleic acids, and increased stearic acid. The proportion of fatty acids that were saturated averaged 45.3, 45.8, and 46.2% for the control, LESB, and HESB diets, respectively. Similar values have been reported by others (Wood, 1983; Anderson et al., 1986) . Ritzenthaler et al. (2001) have reported that about 30% of the U.S. consumer's intake of conjugated linoleic acid (CLA) is derived from beef products. The major objective in the present study was to examine treatment effects on the CLA concentration of body fat, and these results are presented in Table 4 . Treatments were significantly different with the HESB diet, resulting in an average CLA concentration that was about 17% greater than that of the control. The ESB diets provided additional polyunsaturated fatty acids, There were 10 steers in each treatment group, with the LESB and HESB representing the diets containing 12.7 and 25.6% extruded full-fat soybeans, respectively. especially linoleic acid, which is a key substrate in rumen biohydrogenation. Theoretically, this would increase ruminal production of CLA as well as ruminal production of trans-11 C18:1 for the endogenous synthesis of CLA, but the observed increase in the CLA content in muscle lipid was relatively small. Other studies in which steers were fed diets containing highoil corn (McGuire et al., 1998) or supplemented with soybean oil (Beaulieu et al., 2000) also observed little or no change in the CLA content of body fat. Enser et al. (1999) fed steers diets supplemented with 6% linseed oil and fish oil and observed a twofold increase in the adipose tissue content of CLA. Mir et al. (2000) observed a similar increase in body fat of lambs fed a diet supplemented with 6% safflower oil. In both studies, however, the control diet resulted in a very low CLA content in adipose tissue and the levels achieved with linseed oil and fish oil (5.7 to 8.0 mg/g of fatty Means within a row without a common superscript differ (P < 0.05).
Conjugated Linoleic Acid
acids; Enser et al., 1999) and safflower oil (7.3 mg/g of lipid; Mir et al., 2000) were similar to CLA concentrations in the present study (6.6 to 7.7 mg/g of fatty acids; Table 4 ).
Studies from several countries have surveyed the CLA content of meat, and values from the present study are similar. Fogerty et al. (1988) reported that Australian beef muscle contained 2.3 to 12.5 mg of CLA/g of fatty acids, and Fritsche and Steinhart (1998) reported that German retail beef had an average CLA content of 6.5 mg/g of fat. Surveys from the United States found that the CLA content in beef products ranged from 2.9 to 8.5 mg/g of fat (Chin et al., 1992; Shantha et al., 1994) , whereas Canadian beef products ranged from 1.2 to 6.2 mg/g of fat (Ma et al., 1999) . Takenoyama et al. (2001) recently reported the CLA concentrations of Japanese beef products ranged from 1.5 to 3.9 mg of CLA/g of lipid. In general, countries Means within a row without a common superscript differ (P < 0.05).
with higher levels of CLA concentrations are ones where pasture is a major dietary component throughout the growth and finishing phase, and this is known to increase the CLA content in body fat and milk fat (Bauman et al., 2000b; French et al., 2000) .
The present study also included examination of different fat depots in individual retail cuts. Across all treatments, the eye of round had the greatest concentration of CLA (7.7 mg/g of fatty acids) and was significantly different (P < 0.05) from the CLA content of the chuck tender and rib longissimus muscles (6.6 and 6.7 mg/g of fatty acids, respectively; data not presented). A comparison of the CLA content of adipose tissue from the three depots indicated differences, but they tended to be minor and the rank order was not consistent across the three carcass locations (Table 5 ). The highest CLA concentration was in the intermuscular adipose tissue of the chuck tender, the intramuscular adipose tissue for the eye of round, and the subcutaneous adipose tissue of the rib.
The CLA content ranged from 2.6 to 17.0 mg/g of fatty acids on an individual basis across all muscles and adipose tissue depots. There was a linear relationship between cis-9, trans-11 CLA and trans-11 C18:1 in the adipose tissue depots (P < 0.001). The relationship was similar for the three treatment groups, so combined data are presented in Figure 1 . Enser et al. (1999) reported an analogous linear correlation between levels of CLA and total trans C18:1 in muscle adipose tissue from steers with r = 0.62. It was originally thought that CLA was only of rumen origin, and this relationship existed because both intermediates escaped complete biohydrogenation in the rumen. Rumen kinetic studies have shown, however, that trans-11 C18:1 accumulates in the rumen, but cis-9, trans-11 CLA is only a transitory intermediate in biohydrogenation (see reviews by Harfoot and Hazlewood, [1988] and Griinari and Bauman, [1999] ). The relationship between cis-9, trans-11 CLA and trans-11 C18:1 could also be indicative of endogenous synthesis via the enzyme ⌬ 9 -desaturase. Endogenous synthesis has been shown to be responsible for over two-thirds of cis-9, trans-11 CLA in the milk fat of lactating dairy cows (Griinari et al., 2000; Corl et al., 2001 ). To date, there have been no similar studies with growing cattle, but ⌬ 9 -desaturase is relatively active in adipose tissue of steers (Chang et al., 1992; Cameron et al., 1994) . Based on the rumen kinetics of biohydrogenation and the presence of ⌬ 9 -desaturase in adipose tissue, we anticipate that endogenous synthesis is also the major source of CLA in body fat of ruminants.
The predominant CLA isomer in ruminant adipose tissue is cis-9, trans-11, and we detected no significant amounts of trans-10, cis-12 CLA (Table 4 ). The trans-10, cis-12 CLA isomer was of interest because its content increases in milk fat of dairy cows under certain dietary conditions, including feeding high levels of plant oils (see review by ). This isomer inhibits milk fat synthesis in dairy cows (Baumgard et al., 2000) and body fat accretion in mice (Park et al., 1999) . The trans-10, cis-12 CLA isomer Figure 1 . Ratio of conjugated linoleic acid (cis-9, trans-11 CLA) to vaccenic acid (trans-11 C18:1). also inhibits the activity and gene expression of ⌬ 9 -desaturase (Lee et al., 1998; Bretillon et al., 1999) , thereby reducing endogenous synthesis of cis-9, trans-11 CLA. Others using similar analytical methods have also failed to detect trans-10, cis-12 CLA in beef fat Ma et al., 1999; French et al., 2000; Takenoyama et al., 2001) . However, results from more-sensitive analysis indicate that beef fat contains trace amounts of many CLA isomers. This was elegantly demonstrated by Fritsche et al. (2000) using triple-column, silver-ion high-performance liquid chromatography; they observed 14 positional and geometric isomers of CLA in beef fat obtained from Charolais steers.
In the present study, an increase in the levels of CLA was observed with the high extruded full-fat soybean diet, resulting in a CLA content similar to that in previous studies with steers and sheep that consumed diets containing plant oils or fish oil (Enser et al., 1999; Mir et al., 2000) . In studies with lactating cows, the increase in milk fat CLA observed with plant oils can be transitory (Bauman et al. 2000a) , and this may be related to alterations in rumen microflora due to the toxic effects of polyunsaturated fatty acids (Jenkins, 1993) . Increases in milk fat CLA appear to be constant when processed full-fat seeds are used, however. Thus, it was surprising that the dietary supplement of extruded full-fat soybeans did not have a greater effect on the fat content of CLA in the three adipose tissue depots in the steers, and results contrast with those from lactating dairy cows, in which the observed increase was several-fold to an average of 12 to 25 mg of CLA/g of fatty acids (Lawless et al., 1998; Dhiman et al., 1999; Solomon et al., 2000; Chouinard et al., 2001) .
The basis for the lower CLA concentrations in steers vs dairy cows fed ESB is unknown. Given the importance of endogenous synthesis, it is possible that ⌬ 9 -desaturase is limited in body fat; an increase in the activity or amount of ⌬ 9 -desaturase would favor formation of CLA. If this was the major reason, then the ratio of cis-9, trans-11 CLA to trans-11 C18:1 would be much lower in body fat than in milk fat. We observed a ratio of 0.23 (Figure 1) , and Enser et al. (1999) reported a ratio of 0.28 for beef fat. Studies with dairy cows have observed ratios of cis-9, trans-11 CLA/trans-11 C18:1 in milk fat ranging from 0.25 to 0.46 (Jiang et al., 1996; Jahreis et al., 1997; Lawless et al., 1998; Griinari and Bauman, 1999) .
Another possibility is that rumen fermentation is altered in such a way that unique biohydrogenation intermediates are produced and these intermediates affect CLA production. This does occur in classical milk fat depression, wherein increases in the trans-10, cis-12 CLA and trans-10 C18:1 content of milk fat are observed ). This seems an unlikely explanation for the steers because we detected no trans-10, cis-12 CLA and only minimal increases in trans-10 C18:1 were observed (Table 4) . This is an important consideration because, as previously discussed, trans-10, cis-12 CLA is a potent inhibitor of ⌬ 9 -desaturase, which would result in a reduction in endogenous synthesis of cis-9, trans-11 CLA.
A third possibility is that the biohydrogenation is more complete in the rumen of steers than occurs for lactating dairy cows. This would result in the formation of more stearic acid and, thus, less trans-11 C18:1 and CLA would escape the rumen. It seems likely that the rumen environment could differ between feedlot steers and high-producing dairy cows in a way that alters the population of specific microbes involved in biohydrogenation and has this net effect. Rumen bacteria involved in biohydrogenation have been divided into group A and group B, with group A bacteria being involved in reactions leading to trans-11 C18:1 formation and group B bacteria predominately involved in catalyzing the final step converting trans-11 C18:1 to stearic acid (see review by Harfoot and Hazlewood, 1988) . Thus, rumen changes such as pH or rate of passage might alter proportions and populations of the groups A and B bacteria that play an essential role in the production of CLA.
Implications
Including extruded full-fat soybeans into the diet of finishing steers increased the concentration of conjugated linoleic acid, but the increases were relatively small and were much less than those observed for similar diet comparisons in lactating dairy cows. The basis for the difference is unknown, but work with lactating cows indicates that endogenous synthesis is the major source of conjugated linoleic acid in milk fat and this is likely similar for fat in steers. This would mean that rumen production of trans-11 C18:1, as well as ⌬ 9 -desaturase, is crucial for the production of CLA in beef cattle. Thus, it would be important to identify rumen conditions that enhance the production of trans-11 C18:1 and to understand the regulation of ⌬ 9 -desaturase in adipose tissue. Given the positive health aspects of CLA, enhancing its concentration in meat fat may be valuable for human health and beneficial for the public perception of beef. AMSA. 1991 
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